
In many species, the earliest stages of embryonic develop-
ment occur in the absence of transcription and depend 
on maternally loaded mRNAs and proteins. During the 
maternal-to-zygotic transition (MZT), the control of 
development switches from the maternal genome to the 
zygotic genome. This is achieved by the combination of 
two processes: the massive degradation of maternal 
mRNAs and the activation of the zygotic genome (Figure 1). 
Over the past few years, genome-wide analyses of the 
MZT have been performed in whole embryos from 
several different species, including Drosophila [1-3].

Germ cells are specified and segregate from somatic 
lineages during early embryogenesis. In both Drosophila 
and Caenorhabditis elegans, the formation of germ cells 
depends on specific maternal components that accumu-
late in a specialized cytoplasm within the egg, called the 
germ plasm. An important function of the germ plasm is 
to protect germ cell progenitors from somatic differ en-
tiation. This is achieved in part by repressing trans crip-
tion until the germ cell fate is established [4]. In Drosophila, 
the germ plasm (also called pole plasm) is localized at the 
posterior pole of the embryo. There, the germ cell pro-
genitors, the primordial germ cells (PGCs), are the first 
cells to form. Just as in the somatic part of the embryo, 
MZT must occur in the PGCs to allow the switch from 
maternal to zygotic gene expression in these cells. Until 
recently, the low numbers of PGCs present in embryos 
have precluded large-scale analyses of their MZT; but in 

a new study published in this issue of Genome Biology, 
Siddiqui et al. [5] used flow cytometric sorting of GFP-
labeled PGCs, proteomics and microarray-based gene-
expression profiling to define the MZT in Drosophila 
PGCs.

In a first step, they identified proteins and mRNAs that 
were specific to or that were enriched in somatic cells or 
in PGCs. They found that different proteins and mRNAs 
were preferentially expressed in these two types of cells, 
consistent with the substantial differences in their bio-
logy. PGC-enriched proteins included ribosomal proteins 
and, not surprisingly, pole plasm components such as 
Oskar, Vasa, Tudor, Aubergine and Piwi. Between 5,000 
and 6,000 mRNAs were found within each of the soma 
and PGC compartments, 1,700 and 1,300 of which were 
found to be enriched within PGCs and soma, respectively. 
PGC-enriched mRNAs were also associated with 
functions in the germ plasm and in the meiotic cell cycle, 
metabolism and energy production, whereas somatic-
cell-enriched mRNAs had functions in development, cell 
fate and morphogenesis.

Maternal-to-zygotic transition in soma and 
primordial germ cells
A recent genome-wide analysis of the MZT in whole 
Drosophila embryos revealed that 60% of the 6,000 or so 
maternal transcripts that are preloaded into the egg are 
significantly degraded at 3  hours of development [3]. 
Slightly more than 2,000 mRNAs are zygotically trans-
cribed at the same time point [3]. The decay of maternal 
mRNAs depends on two pathways, one involving mater-
nal and the other zygotic activities. Transcripts can be 
degraded by one of the two pathways or by both 
(Figure 1).

Siddiqui et al. [5] profiled gene expression levels in 
purified PGCs at three time points, 1 to 3  hours, 3 to 
5 hours and 5 to 7 hours after egg deposition, and found 
that 21% (about 1,200) of transcripts that were maternally 
preloaded in the PGCs were significantly degraded at 
7 hours. These transcripts could be grouped into different 
classes according to their kinetics of decay. Interestingly, 
enriched Gene Ontology terms in each of these classes 
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were largely non-overlapping, suggesting the co-regu-
lation of distinct biological processes by mRNA decay. 
Among the transcripts that were destabilized at 3 to 
5 hours were some that are related to post-transcriptional 
regulation in the pole plasm, consistent with a transition 
from post-transcriptional to transcriptional gene regula-
tion in PGCs. Analysis of Gene Ontology terms enriched 
in transcripts that were destabilized at both time points 
identified transmembrane proteins involved in cell 
communication or adhesion, consistent with a possible 
need to reduce cell adhesion during the migration of 
PGCs to the somatic gonad.

In agreement with the relief of transcriptional 
repression in PGCs at 3  hours after egg deposition [4], 
about 800 mRNAs were found to be transcribed 
zygotically in the PGCs at the 3 to 5 hour time point. This 
group was enriched in mRNAs that function in 
transcription and in ribosomes/translation. Although 
maternal ribosomal proteins are proportionally more 

abundant in PGCs than in the soma when the cells form, 
the exclusion of maternal mRNAs encoding ribosomal 
proteins results in the requirement for zygotic production 
of new transcripts to generate ribosomes.

Zygotic transcripts can be grouped into several classes 
according to their patterns of synthesis, and the trans-
cripts in each of these classes are involved in non-
overlapping biological functions, again suggesting co-
regulation of biological processes at the level of 
transcription.

Smaug is a major player in maternal mRNA 
degradation within both soma and primordial 
germ cells
The RNA-binding protein Smaug (Smg) is produced in 
the embryo for a short period during the first 3 hours of 
development. It has a major role in maternal mRNA 
decay in the somatic part of the embryo, contributing to 
the decay of two-thirds of unstable mRNAs [2,6]. Smg 

Figure 1. Maternal-to-zygotic transition (MZT) in the soma and in primordial germ cells (PGCs). Profiles of unstable maternal mRNAs (blue) 
and of zygotic mRNAs (orange) are shown. In whole embryos, 14% of maternal mRNAs are degraded by maternal activities (Maternal decay), 22% 
by zygotic activities (Zygotic decay), and 25% by both (Mixed decay) [3]. Smaug is part of the maternal mRNA decay machinery and the miR-309 
cluster is part of the zygotic machinery. Oskar might prevent Smg-dependent mRNA decay in the PGCs by binding to Smg. The dashed vertical 
lines indicate the time at which major zygotic transcription begins and the time of PGC formation. Time is indicated in hours after egg deposition 
(at 25°C).
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performs this function by recruiting the CCR4-NOT 
deadenylation complex to specific mRNA targets, thereby 
activating their poly(A) tail shortening, which in turn 
leads to their decay [7,8]. Importantly, Siddiqui et al. [5] 
found Smg to persist in PGCs for up to 7 hours of 
development, much longer than in somatic cells. They 
identified mRNAs whose decay depended on Smg by 
comparing PGC mRNAs in wild-type and smg mutant 
embryos. This comparison showed that one-third of 
unstable PGC mRNAs depend on Smg for their decay, 
revealing that Smg is a major factor in mRNA decay 
within PGCs, in addition to within the soma.

In whole embryos, Smg plays an indirect role in zygotic 
transcription through its effect on the degradation of 
mRNAs encoding transcriptional repressors [6]. Similarly, 
Smg has an indirect effect on zygotic transcription in the 
PGCs, which is likely mediated by the same mechanism 
as in the soma, although this has not yet been 
demonstrated. Consistent with its direct role in mRNA 
decay and indirect role in zygotic transcription within 
PGCs, mRNAs that depend on Smg for their decay are 
enriched in Smg-binding elements, whereas these 
recognition motifs are depleted in those mRNAs whose 
transcription is Smg-dependent. Interest ingly, 
bioinformatic searches for other motifs that are relevant 
to mRNA decay, such as AU-rich elements, suggests that 
the corresponding binding proteins func tion indepen-
dently of Smg in mRNA decay, as these motifs were not 
co-enriched with Smg-recognition ele ments on the same 
transcripts.

A consequence of the indirect role of Smg in zygotic 
transcription is its indirect role in the zygotic pathway of 
mRNA degradation in the somatic part of the embryo [6]. 
An important component of this pathway is the miR-309 
cluster [9]. This cluster, together with a number of other 
microRNAs, is not expressed in PGCs when they form 
and thus is not involved in mRNA decay in these cells. 
However, whether the miR-309 cluster or other micro-
RNAs are expressed in PGCs at later time points remains 
unknown.

Differences in the maternal-to-zygotic transition 
between soma and primordial germ cells
The data reported by Siddiqui et al. [5] emphasize that 
the major aspects of the MZT, namely general maternal 
mRNA decay and zygotic transcription, are similar 
between somatic cells and PGCs, although the specific 
mRNAs that are destabilized or synthesized do differ 
between the two cell types, consistent with their different 
developmental requirements.

Interestingly, their data also point out an important 
difference in the timing of MZT in the two cell types: the 
MZT is delayed in the PGCs in terms of both zygotic 
transcription and maternal mRNA decay (Figure 1). This 

is due, at least in part, to the repression of transcription 
in PGCs by specific factors, such as the Polar granule 
component. This repression delays the onset of zygotic 
transcription in PGCs until 3 hours of development, 
compared to an onset at 2 hours in the soma. In turn, the 
delayed zygotic transcription results in a lack of zygotic 
mRNA decay machinery in newly formed PGCs. This 
could account for the slower kinetics of mRNA decay in 
PGCs, since the combined activities of the zygotic and 
maternal mRNA decay machineries have been shown to 
be more efficient than the action of the maternal 
machinery alone. The presence of Oskar in PGCs is also 
likely to contribute to delayed Smg-dependent mRNA 
decay in these cells. Oskar binds to Smg [10] and prevents 
Smg from binding to its mRNA target nanos, thus 
preventing the nanos transcript’s decay specifically in the 
pole plasm and PGCs [8]. Although the application of 
this mechanism to the other targets has not yet been 
addressed, Oskar binding might prevent general Smg-
dependent mRNA decay in PGCs.

The presence of Smg in the PGCs up to 7 hours after 
egg deposition raises the question of how mRNAs that 
are specifically stabilized in those cells, such as nanos, are 
prevented from undergoing Smg-dependent decay after 
the disappearance of Oskar. A possible mechanism that 
may explain the persistence of these Smg-dependent 
mRNAs in PGCs could be the slower kinetics of mRNA 
decay in the absence of zygotic decay components. 
Another intriguing possibility, however, is that mRNA-
specific binding factors might selectively prevent decay in 
the PGCs. This awaits future investigation.
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